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ABSTRACT 

Background: Iron oxide nanoparticles (IONPs) are widely used in various biomedical applications. Polyethylene 
glycol (PEG) is most popular coating option, reduce the aggregation problem of uncoated IONPs and lower toxicity. 
Liver is a target organ to identify adverse effects of IONPs. Virgin olive oil (VOO) has potent antioxidants and 
hepatoprotective effects. Aim: The present work aimed to study hepatotoxicity of bare and PEG coated IONPs in male 
albino rats through biochemical and histopathological study and protective effect of VOO. 

Materials and Methods: Seventy seven adult male albino rats were divided randomly into 11 groups: control; PEG; 
VOO; bare IONPs (15 mg/kg b.wt. and 30 mg/kg b.wt.) with and without VOO and PEG coated IONPs (15 mg/kg 
b.wt. and 30 mg/kg b.wt.) with and without VOO. All groups received the treatment by oral gavage daily for four 
weeks and then blood samples and livers were collected for biochemical and histopathological examination. 

Results and Conclusion: Bare and PEG coated IONPs significantly increase AST, ALT, ALP and total bilirubin and 
significantly decrease total protein. Also, all IONPs treated groups showed significant increase in malondialdehyde 
(MDA) marker of oxidative stress and significant decrease in SOD and CAT activities (antioxidant markers). All these 
biochemical changes significantly improved in PEG coated IONPs compared to bare IONPs. Histopathological 
adverse effects were observed in livers of IONPs treated animals. Significant improvement occurred on co- 
administration of VOO in these disrupted parameters and improved hepatic tissues damage and function. 

Keywords: Iron oxide nanoparticles, polyethylene glycol, virgin olive oil, hepatotoxicity. 


INTRODUCTION 
The International Organization for and oxygen produced by the mitochondria and creates 
Standardization defines nanoparticles (NPs) as highly reactive hydroxyl radicals and ferric ions (Fe**) 
structures with dimensions of one, two or three via the Fenton reaction. Hydroxyl radicals generated 
dimensions that are within 1 to 100 nanometers. by the free iron could damage DNA, proteins, lipids, 
Because of their small size, the properties of and polysaccharides in the cellular structure “. 
nanomaterials may differ from the properties of bulk More attentions have been paid to the natural 
materials, which exhibit unique chemical, physical, antioxidants owing to its protective effects against 
optical and electrical properties™. metals-induced toxicities, especially whenever 
Currently, the most commercially important reactive oxygen species are involved. Among these 
nanomaterial’s (NMs) are simple metal oxides, such as natural antioxidants is virgin olive oil (VOO) which is 
iron oxide (Fe304, Fe2O3), aluminum oxide (Al203), the main source of fat in the Mediterranean diet ®©. 
silica dioxide (SiOz), titanium dioxide (TiO2) and zinc Virgin olive oil is well recognized for its 
oxide (ZnO) ®. antioxidant properties, hypotensive, hypoglycemic, 
Iron oxide nanoparticles (IONPs) are applied cardiovascular, hepatoprotective, antimicrobial and 
due to their unique characteristics, such as their small anti-inflammatory effects. Phenols present in the olive 
size, surface chemistry and magnetic properties. Iron oil are potent antioxidants and scavenge free radicals 
oxide nanoparticles have been extensively used during and inhibit low density lipoprotein (LDL) oxidation. 
the last two decades, due to a variety of applications Olive oil contains a wide variety of antioxidants such 
such as contrast agent in magnetic resonance imaging as vitamin E, oleocanthal and carotenoids , 
(MRI) or as carriers of biomolecules for controlled In comparison with other organs, the liver is 
drug delivery and induced hyperthermia for cancer able to accumulate more than 90% nanoparticles. 
treatments. Polyethylene glycol has been the most Activation of Kupffer cells elicits the release of 
popular coating polymer. It stabilizes IONPs by inflammatory mediators and reactive oxygen species 
resisting interaction with blood proteins and therefore, and modulates hepatocyte injury ®”. 
reduces opsonization, macrophage uptake and Based on these facts our study was designed to 
subsequent monophagocytic system clearance of the investigate the toxic effects of bare and PEG coated 
IONPs ®. IONPS on the liver of rats and to study the protective 
One of the most important toxic effects effect of VOO on bare and PEG coated IONPS toxicity 
induced by iron oxide nanoparticles is their ability to in adult male Albino rats through biochemical and 
cause oxidative stress. The free iron in the form of histological parameters. 
ferrous ions (Fe?*) can react with hydrogen peroxide 
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MATERIALS AND METHODS 


(A) Materials 

I- Experimental Animals: 

Seventy seven male Albino rats of uniform strain with 
body weight about 150 grams, obtained from the 
Animal's Farm of Helwan, Egypt. 

II-Substances used: 

l- Bare iron oxide nanoparticles (IONPs) and 
polyethylene glycol coated iron oxide nanoparticles 
(PEG-IONPs) form (15-30 nm) were purchased from 
Petroleum Researches Institute, Nasr city, Cairo, 
Egypt. 

2- Virgin olive oil (VOO) was purchased from 
National Research Center, Dokki, Giza, Egypt. 

3- Commercial rat's diet was obtained from local 
market. 

ITI-Biochemical kits: 

The following parameters were done at cell Biology 
Department of National Research Center in Dokki 
Giza, Egypt: Liver function markers and antioxidant 
markers. 

All markers were assayed by using commercial kits, 
which were purchased from Bio diagnostic company. 


(B) Methods 

Preparation of materials: 
I- Experimental animals: 
Handling: 

The handling of animals followed the rules for 
the experimental research ethics approved by 
Research Ethics Committee at Faculty of Medicine 
for Girls Al-Azhar University, Cairo, Egypt. The 
animals were kept in the Animal House at Faculty of 
Medicine for Girls, Al-Azhar University. They were 
housed in clean plastic cages with metal covers; their 
floors were covered by wood flakes, at room 
temperature and 12 hours light/dark cycle. The animals 
were subjected to 7 days period of passive 
preliminaries in order to adapt themselves to their new 
environment and to ascertain their physical wellbeing. 


Experimental Design: 

After one week of acclimatization, animals 
were divided into eleven groups each group contained 
seven rats, All groups received the treatment by oral 
gavage daily for four weeks as follow: 

Group 1 (Control): rats were received normal feeding 
and distilled water ad libitum. 

Group 2 (PEG): rats received PEG (3 g/kg b.wt.) ©. 
Group 3 (VOO): rats received VOO (2 ml/kg b.wt.) 
(9) 

Group 4 (Low dose bare IONPs): rats received bare 
IONPs (15 mg/kg b.wt.) . 

Group 5 (High dose bare IONPs): rats received bare 
IONPs (30 mg/kg b.wt.) 0, 


e Quantitative 


Group 6 (Low dose bare IONPs + VOO): rats 
received bare IONPs (15 mg/kg b.wt.) © and were 
concomitantly given VOO (2 ml/kg b.wt.) ©. 

Group 7 (High dose bare IONPs + VOO): rats 
received bare IONPs (30 mg/kg b.wt.) “, and were 
also given VOO (2 ml/kg b.wt.) ©. 

Group 8 (Low dose PEG coated IONPs): rats 
received PEG coated IONPs (15 mg/kg b.wt.) ®. 
Group 9 (High dose PEG coated IONPs): rats 
received PEG coated IONPs (30 mg/kg b.wt.) . 
Group 10 (Low dose PEG coated IONPs + VOO): 
rats received PEG coated IONPs (15 mg/kg b.wt.) 9” 
and were concomitantly given VOO (2 ml/kg b.wt.) ®. 
Group 11 (High dose PEG coated IONPs + VOO): 
rats received PEG coated IONPs (30 mg/kg b.wt.) 9, 
and were concomitantly given VOO (2 ml/kg b.wt.) ®”. 


Sampling: 

At the end of experimental period after 24 
hours from the last dose rats were sacrificed after 
being anaesthetized with diethyl ether by inhalation. 
1-Blood samples: Blood samples were collected 
from the retro-orbital venous plexus before they 
were sacrificed in sterile separator tubes. The blood 
samples were centrifuged at 2000 rpm for 15 min, 
to separate the sera for assessment of liver function 
markers (ALT, AST, Alkaline phosphatase, total 
bilirubin and total protein), oxidative stress marker 
(MDA) and antioxidant markers (% of inhibition of 
SOD and CAT). 

2- Tissue samples: Liver was excised for 
histopathological examination. 


Biochemical studies: 

1) Liver function markers (ALT, AST, alkaline 
phosphatase, total bilirubin and total protein): 
estimation of serum alanine 
transaminases (ALT) activity: According to 
International Federation of Clinical Chemistry 
(AFCC) %, 


e Quantitative estimation of serum aspartate 


transaminase (AST) activity: According to the 
IFCC, 

Quantitative estimation of serum alkaline 
phosphatase (ALP): According to Scandinavian 
Society |). 

Quantitative estimation of total bilirubin: 
According to Walter and Gerade “*), 
Quantitative estimation of total protein: according 
to Gomal et al. . 

2) Oxidative stress marker: 


e Quantitative estimation of serum malondialdehyde 


(MDA) [the product of lipid peroxidation]: According 
to Ohkawa et al. “*, 

3) Antioxidant markers (% of inhibition of 
superoxide dismutase and catalase): 
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Quantitative estimation of SOD: According to the 
Nishikimi et al... 

Quantitative estimation of CAT: According to the 
Aebi 9”. 


Histopathological studies: 

Liver sections were stained with hematoxylin 
and eosin stain: as a routine method for studying the 
general histological structure of liver then examined 
under light microscope ®®. 

Statistical analysis: 

Values were presented as mean and standard 
deviation (SD) values. Data were explored for 
normality using Kolmogorov-Smirnov test of 
normality. The results of Kolmogorov-Smirnov test 
indicated that most of data were normally distributed 
(parametric data), so one way analysis of variance 
ANOVA test was used to compare between groups, 


followed by post hoc test (LSD) for pairwise 
comparisons. The significance level was set at p < 0.05. 
Statistical analysis was performed with SPSS 20 
(Statistical Package for Scientific Studies, SPSS, Inc, 
Chicago, IL, USA) for Windows. 


RESULTS 

I- Biochemical results 

1) Liver function markers: 

There was a statistically significant increase (p<0.05) 
in serum levels of AST, ALT, ALP and total bilirubin 
and significant decrease (p<0.05) in serum levels of 
total proteins in all IONPs treated groups compared 
to control group in a dose dependent manner, with 
improvement in PEG coated IONPs treated groups 
than bare IONPs treated groups. However, Co- 
administration of VOO showed more improvement (p 
< 0.05) in all liver function markers (Table 1). 


Table (1): The effect of sub chronic toxicity of bare and PEG coated iron oxide nanoparticles on the liver 
function markers in adult male albino rats and the possible protection by virgin olive oil on the studied groups 


Groups otal Bilirubin [otal proteins 
AST (Iu/l ALT (Iu/l ALP (Iu/ 
(Iu/) (Iu/l) (Iu/1) (mg/dl) (g/dl) 


n=7 rats /group 
Group 1 (Control) 49.62 + 1.918 52.44 + 1.778 150.41 + 0.93" 0.27+0.015 {10.65 + 0.64” 


Group 2 (PEG) 50.59 + 1.188 53.16 + 0.91 £ 151.76 + 1.09" 0.28 + 0.01) 9.60 + 0.54° 
Group 3 (VOO) 48.67 + 1.83 8 49.57 + 1.72" 149.27 + 0.93" 0.27 + 0.01 11.13 + 0.59? 


Group 4 (Low dose bare | 61.01 + 1.324 66.72 + 1.20° 436.58 + 11.51" 0.54 + 0.02” 7.51 + 0.57° 
IONPs) 123% 127.2% 1190.3% 1100% 129.5% 
Group 5 (High dose bare| 70.62 +1.04? | 76.35 +1.35 | 516.55 + 10.33? | 0.62 + 0.02? 
IONPs) 42.3% 45.6% 243.4% 129.6% 39% 
Group 6 (Low dose bare | 54.68 + 0.80° | 57.39 +0.94° | 263.68 + 10.78° | 0.3240.02' | 9.55 + 0.85° 
IONPs + VOO) 410.2% 19.4% 175.3% 118.5% {10.3% 
Group 7 (High dose bare| 62.92 +0.94° | 66.7941.74 | 365.91 +11.67° | 0.35+0.01° |8.92 + 0.84“ 
IONPs + VOO) 126.8% 427.4% 1143.3% 129.6% 116.3% 
G +1. 60.54 + 1.254 342.32 + 8.044 0.39 +0.02% |8.92+ 0.83" 
115.5% 1127.6% 144.5% 116.3% 
70.80 + 1.52? | 433.22 + 10.20* | 0.43 +0.01° | 8.64 +0.55% 
135% 1188% 159.3% 118.9% 


54.89 + 0.97! 169.86 + 8.068 0.28 + 0.01hi 


51.85 + 1.23 10.35 + 0.57” 
14.7% 113% 12.8% 





coated IONPs) 120.7% 
Group 9(High dose PEG 
coated IONPs) 134.5% 


Group 10 (Low dose 
PEG coated IONPs + 
VOO) 

Group 11(High dose 
PEG coated IONPs + 
VOO) 


14.5% 13.7% 


55.89 +1.01° | 59.36 +1.46% | 201.08 + 10.19 | 0.30+0.01g" (9.30 + 0.44c4 
112.6% 113.2% 133.71% 111.1% 112.7% 
224.360 256.982 1695.795 477.321 30.312 
<0.001 <0.001 <0.001 <0.001 <0.001 


PEG= polyethylene glycol; VOO= virgin olive oil; IONPs= iron oxide nanoparticles; AST= aspartate aminotransferase; ALT= 
alanine aminotransferase; ALP= alkaline phosphatase; n= number; S.D= standard deviation; %=% change from control group; 
LSD= least significant difference. Means with different superscript letters are significantly different at p< 0.05, whereas means 
with the same superscript letters are non-significantly different in the same column. 


One way 
ANOVA 





2609 


ejhm.journals.ekb.eg 


2) Oxidative stress marker: 

There was a statistically significant increase (p<0.05) in serum levels of malondialdehyde (MDA) in all IONPs 
treated groups compared to control group in a dose dependent manner, with improvement in PEG coated IONPs 
treated groups than bare IONPs treated groups. However, Co-administration of VOO showed more improvement 
(p < 0.05) in serum levels of MDA (Table 2). 


Table (2): The effect of sub chronic toxicity of bare and PEG coated iron oxide nanoparticles on oxidative 
stress marker (MDA) in adult male albino rats and the possible protection by virgin olive oil on the studied 
groups 
Malondialdehyde (MDA) in serum 
nmol/ml 
Mean + SD 


Group 1 (Control) 6.94 + 0.118 
Group 2 (PEG) 7.08 + 0.128 
Group 3 (VOO) 6.83 + 0.162 


12.09 + 0.56” 
Group 4 (Low dose bare IONPs) 174.2% 
i 14.61 + 0.43? 
Group 5 (High dose bare IONPs) 110.5% 
Group 6 (Low dose bare IONPs + VOO) eres 
. 0 
i 9.29 + 0.464 
Group 7 (High dose bare IONPs + VOO) 133.9% 
d 
Group 8 (Low dose PEG coated IONPs) 9.17 + 0.40 
32.1% 
Group 9(High dose PEG coated IONPs) Sout 
f 
Group 10 (Low dose PEG coated IONPs + VOO) a 
0 
g 
Group 11(High dose PEG c 7.01 i p .12 


oated IONPs + VOO) 
OOO ee 
One way ANOVA 400.603 


PEG= polyethylene glycol; VOO= virgin olive oil; IONPs= iron oxide nanoparticles; n= number; SD- standard deviation; 
%=% change from Control group; LSD= least significant difference. Means with different superscript letters are significantly 
different at p< 0.05, whereas means with the same superscript letters are non-significantly different in the same column. 


Groups 
n=7 rats/group 





3) Antioxidant markers (% of inhibition of superoxide dismutase and catalase): 

There was a statistically significant increase (p<0.05) in the inhibition percentage of superoxide dismutase and 
significant decrease (p<0.05) in catalase activity in all IONPs treated groups compared to control group in a dose 
dependent manner, with improvement in PEG coated IONPs treated groups than bare IONPs treated groups. 
However, Co-administration of VOO showed more improvement (p < 0.05) in serum levels of antioxidant markers 
(Table 3). 
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Table (3): The effect of sub chronic toxicity of bare and PEG coated iron oxide nanoparticles on antioxidant 
markers in adult male albino rats and the possible protection by virgin olive oil on the studied groups 


n=7 rats/group superoxide dismutase (IU/I) (IU/D 
Group 2 (PEG) 
Group 3 (VOO) 


b h 
1144.5% 139.9% 
140.7% 114% 
161.8% 121.7% 


Group 5 (High dose bare IONPs) 
Group 6 (Low dose bare IONPs + VOO) 


Group 7 (High dose bare IONPs + VOO) 


: 40.94 + 0.85° 595.34 + 10.148 
Group 9 (High dose PEG coated IONPs) 191.6% 125.9% 
24.44 + 0.61" 774.07 + 11.77° 
114.4% 13.6% 
: 28.93 + 0.918 739.09 + 10.934 
Group 11(High dose PEG coated IONPs + VOO) 35.4% 


968.381 531.205 
EATON <0.001 <0.001 
0.914 13.421 


PEG= polyethylene glycol; VOO= virgin olive oil; IONPs= iron oxide nanoparticles; n= number; S.D.= standard deviation; 
%=% change from Control group; LSD= least significant difference. Means with different superscript letters are significantly 


Group 10 (Low dose PEG coated IONPs + VOO) 


e f 
Group 8 (Low dose PEG coated IONPs) wees aie Z ay 





different at p< 0.05, whereas means with the same superscript letters are non-significantly different in the same column. 


III: Histopathological results: 

Light microscopic examination of the liver 
tissues in group 1 (control), group 2 (PEG) and 
group 3 (VOO) showed normal histological structure, 
with hepatic cords radiating from the central vein 
forming anastomosing plates separated by blood 
sinusoids. Hepatocytes were polyhedral with 
eosinophilic cytoplasm having central rounded and 
vesicular nuclei. The portal tract area can be seen 
(Photomicrograph 1). 

Light microscopic examination of the liver tissues in 
the group 4 (low dose bare IONPs) showed 
histological structure similar to that in the control 
group but there is mononuclear cellular infiltration 
(Photomicrograph 2). While the liver tissues in the 
group 5 (high dose bare IONPs) showed most of the 
hepatocytes are vacuolated with central rounded darkly 
stained nuclei. The central vein is congested; there is 
dilated and congested blood vessel in the portal tract 
area. Also, mononuclear cellular infiltration can be 
seen (Photomicrograph 3, 4). 

Light microscopic examination of the liver tissues in 
the group 6 (low dose bare IONPs + VOO) showed 


histological structure similar to that of the control 
group but the sinusoids appear dilated 
(Photomicrograph 5). While the liver tissues in the 
group 7 (high dose bare IONPs + VOO) showed 
histological structure similar to that of the control 
group but the sinusoids appear dilated and congested. 
Also, in the portal tract area there is little mononuclear 
cellular infiltration and congested blood vessel 
(Photomicrograph 6). 

Light microscopic examination of the liver tissues in 
the group 8 (low dose PEG coated IONPs) showed 
mononuclear cellular infiltration (Photomicrograph 
7). While the liver tissues in the group 9 (high dose 
PEG coated IONPs) showed most of the hepatocytes 
are vacuolated with central rounded darkly stained 
nuclei. There is mononuclear cellular infiltration in 
portal tract area (Photomicrograph 8). 

Light microscopic examination of the liver tissues in 
the group 10 (low dose PEG coated IONPs + VOO) 
and group 11 (high dose PEG coated IONPs + 
VOO) showed histological structure similar to that of 
the control group but the sinusoids appear dilated and 
congested (Photomicrograph 9). 
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Photomicrograph (1): of a liver section of an adult male 
albino rat of control, PEG and VOO groups, showing that 
the liver tissue has normal histological structure with 
hepatic cords (HC) radiating from the central vein (CV) 
forming anastomosing plates separated by blood 
sinusoids (S). Hepatocytes are polyhedral with 
eosinophilic cytoplasm having central rounded and 
vesicular nuclei (arrow). The portal tract area (PT) can 


TE vce, 
7 . 


Photomicrograph (3): of a liver section of an 
adult male albino rat of high dose bare IONPs 
treated group, showing that most of the 
hepatocytes are vacuolated with central 
rounded darkly stained nuclei (arrow). The 
central vein (CV) is congested (H&E X 200). 





Photomicrograph of a liver section of an 
adult male albino rat of low dose bare 
IONPs treated group, showing there is 
mononuclear cellular infiltration (arrow) 
(H&E X 200). 


Photomicrograph (4) of a liver section of an 
adult male albino rat of high dose bare 
IONPs treated group, showing the portal 
tract area in which there is dilated and 
congested blood vessel (Bv). Also, 
mononuclear cellular infiltration (arrow) 
can be seen. (H&E X 200). 
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Photomicrograph (5): of a liver section of an 
adult male albino rat of low dose bare IONPs + 
VOO treated group, showing that the liver 
tissue has histological structure similar to that 
of the control group but the sinusoids (arrow) 
appear dilated. (H&E X 200). 





6k, 
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Photomicrograph (7): of a liver section of an 
adult male albino rat of low dose PEG coated 
IONPs treated group, showing that there is 
mononuclear cellular infiltration (arrows) 
(H&E X 200). 
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Photomicrograph (6): of a liver section of 
an adult male albino rat of high dose bare 
IONPs + VOO treated group, showing that 
the liver tissue has histological structure 
similar to that of the control group but the 
sinusoids (arrow) appear dilated and 
congested. Also, in the portal tract area 
there is little mononuclear cellular 
infiltration (double arrows) and congested 
blood vessel (Bv) (H&E X 200). 





an adult male albino rat of high dose PEG 
coated IONPs treated group, showing that 
most of the hepatocytes are vacuolated 
with central rounded darkly stained nuclei 
(arrow). There is mononuclear cellular 
infiltration (double arrows) in portal tract 
area (H&E X 200). 
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adult male albino rat of low and high dose PEG 
coated IONPs + VOO treated group, showing 
that the liver tissue has histological structure 
similar to that of the control group but the 
sinusoids (arrow) appear dilated and congested 


(H&E X 200). 


DISCUSSION 

In recent years, more and more nano 
medicines have been already approved by the U.S. 
Food and Drug Administration (FDA) for human use, 
and some others are undergoing clinical trials “”. In 
the present study, we investigated the toxic effects of 
bare and PEG coated IONPS on the liver of rats and the 
protective effect of VOO on bare and PEG coated 
IONPS toxicity in adult male Albino rats. 

The results of the current study as regard liver 
function markers revealed that oral administration of 
low and high doses of bare and PEG coated IONPs 
daily for 4 weeks to male albino rats resulted in 
significant increase (p<0.05) in the serum levels of 
AST, ALT, ALP and total bilirubin and significant 
decrease (p<0.05) in the serum levels of total proteins 
in all IONPs treated groups compared to control group 
in a dose dependent manner. With improvement in 
PEG coated IONPs treated groups than bare IONPs 
treated groups. 

The results of the present study were in 
agreement with those of El-Sayed et al. °° as they 
observed significant increase in serum levels of AST, 
ALT, total and direct bilirubin, while serum level of 
albumin were significantly decreased in oral 
administrations of (150 mg/kg b.wt.) for 30 days of 
IONPs-treated rats comparing to the normal control 
group. 

The impairment of liver function by IONPs 
explained by Babadi et al. CP who observed that 
IONPs accumulate in the liver cells and lead to 
oxidative stress with generation of reactive oxygen 
species (ROS) causing hepatocyte injury. Damaged 


liver cells develop leaky membranes, allowing for 
escape of intracellular enzymes into the circulation, 
thereby raising their levels in the blood. 

The improvement of liver function in PEG 
coated IONPs treated groups than bare IONPs treated 
groups might be explained by Abakumov et al. °” who 
stated that the protective action of PEG coating, which 
prevents active IONPs uptake and delays their 
degradation with the release of Fe**/Fe**ions. 

In the present study, Co-administration of 
VOO showed more improvement (p < 0.05) in all liver 
function markers. 

The result of the current study were in 
agreement with those of Mohammadian et al. °°) who 
stated that administration of VOO for 30 days 
significantly decreases levels of serum ALP, AST, 
ALP in arsenic treated mice. 

Also, the results of the present study were 
similar to those of Al-Seeni et al. * who observed that 
rats injected with carbon tetrachloride (CCl) and co- 
treated daily with olive oil for 4 weeks orally using a 
stomach tube significantly (P < 0.001) decreased the 
mean values of liver enzymes (ALT, AST, ALP and 
total bilirubin) and increased total protein, albumin 
compared with that of the negative control. 

This improvement could be explained by Bulotta 
et al. °°) who stated that VOO contains phenolic 
compounds in general, and _ oleuropein (OL) 
derivatives in particular, act as natural antioxidants. 
Oleuropein and hydroxytyrosol behave as antioxidant 
acting as: a. free radical scavengers and radical chain 
breaking; b. anti-oxygen radicals; c. metal chelators. 

The results of the present study as regard 
oxidative stress marker (MDA) showed that, oral 
administration of low and high doses of bare and PEG 
coated IONPs daily for 4 weeks to male albino rats 
resulted in a significant increase (p<0.05) in serum 
levels of MDA in all IONPs treated groups compared 
to control group in a dose dependent manner, with 
improvement in PEG coated IONPs treated groups 
than bare IONPs treated groups. 

The result of the current study were in agreement 
with those of Rajan et al. °° who observed a 
significant increase in the serum and liver MDA levels 
at a dose of 10 mg/kg b.wt. PEG-IONPs intravenously 
injected twice a week for the period of 30 days. 

In the present study the increase in the serum MDA 
level explained by Ghorbel et al. © who attributed that 
to induction of oxidative stress by IONPs through 
overproduction of free radicals and disruption of the 
endogenous antioxidant system, subsequently, this 
oxidative stress-induced damage causes lipid 
peroxidation to cell membrane. 

The improvement in PEG coated groups as regard 
MDA level explained by Griffete et al. °” who stated 
that PEG is able to act as a limiting factor towards any 
potentially adverse effects that could be elucidated by 
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IONPs. Polyethylene glycol creates a ‘repulsive 
barrier’ between a nano material and a biological 
system inhibiting possible toxic effects, by preventing 
dissolution and release of toxic ions. 

These results were supported by Pumera, 7°) 
who verified that polymer-coated iron oxide 
nanoparticles are non-toxic whereas uncoated Fe304 
nanoparticles can catalyze to generate oxygen radicals. 

In the current study, Co-administration of 
VOO showed more improvement (p < 0.05) in serum 
levels of MDA. 

These findings were in agreement with those of Wani 
et al. © who observed that co-administration of VOO 
with cadmium (Cd) ameliorated the toxic effect of Cd 
and reduced MDA level. 

The improvement in MDA level by co-administration 
of VOO in this study explained by Ghorbel et al. © 
who stated that virgin olive oil increases the resistance 
to lipid peroxidation and the antioxidant defense 
system because of its high content of phenolic 
compounds which can interact with biological systems 
acting as bioactive molecules inhibiting lipid 
peroxidation. 

The results of the present study as regard 
antioxidant markers revealed that, oral 
administration of low and high doses of bare and PEG 
coated IONPs daily for 4 weeks to male albino rats 
resulted in significant increase (p<0.05) in the 
inhibition percentage of superoxide dismutase and 
significant decrease (p<0.05) in catalase activity in all 
IONPs treated groups compared to control group in a 
dose dependent manner, with improvement in PEG 
coated IONPs treated groups than bare IONPs treated 
groups. 

The findings of the current study were in line 
with those of Gaharwar and Paulraj ® who revealed 
that SOD and CAT activity was significantly decreased 
(p < 0.05) in a time and dose dependent manner. 

This might probably be due to the heavy influx 
of superoxide radicals that in turn resulted in high 
levels of H2O2 generation, which subsequently 
inhibited SOD and CAT activity €” 

The results of the present study were in 
accordance with the result of Radu et al. °° who 
showed a significant decrease of CAT and SOD levels 
in treated groups vs. controls following the intravenous 
injection of polymeric coated IONPs-PM (5 and 15 mg 
Fe/kg b.wt.) during 14 days of exposure. 

In the present study, Co-administration of 
VOO showed more improvement (p < 0.05) in serum 
levels of antioxidant markers. 

The results of the current study were in 
agreement with those of Mohammed et al. ©”? who 
showed a marked significant decrease (P < 0.05) in 
SOD and CAT in the VOO Cd treated group compared 
with control group. VOO nearly returned these values 
toward the normal. 


The higher improvement in the antioxidant 

markers by concomitant administration of VOO in the 
present study could be explained by Allouche et al. ©” 
who stated that olive oil by its richness in carotenoids, 
tocopherols, vitamin E and polyphenols have a 
potential antioxidants properties acting as ROS 
scavenger as well as increasing the activity of 
antioxidant enzymes. 
The results of the current study as regard 
histopathological changes in hepatic tissue in 
different studied groups showed that, oral 
administration of low and high doses of bare and PEG 
coated IONPs daily for 4 weeks to male albino rats 
resulted in remarkable histopathological changes in the 
liver of all IONPs treated groups in a dose dependent 
manner in the form of the hepatocytes are vacuolated 
with central rounded darkly stained nuclei, congestion 
of the central vein, congestion and dilatation of blood 
vessel in the portal tract area and mononuclear cellular 
infiltration. No difference was found between PEG 
coated IONPs treated groups and bare IONPs treated 
groups. 

The results of the present study were in 
agreement with those of El-Sayed et al. °” as they 
observed that liver of JIONPs treated group 
demonstrated hydropic degeneration with congestion 
of the central vein, apoptosis/necrosis of hepatocytes, 
marked by pyknotic nuclei, severe vacuolation with 
infiltration of mononuclear inflammatory cells in the 
portal area. This may be due to the formation of highly 
reactive radicals and subsequent lipid peroxidation 
resulting from IONPs. Similarly Li et al. °°) stated that 
hepatic lobule structures were unclear, and the 
hepatocytes were arranged irregularly. Focal hepatic 
necrosis was visible throughout the liver with a large 
amount of inflammatory cell infiltration, indicating 
that administration of Fe304-based nanoparticles by 
intravenous injection would cause serious 
hepatotoxicity. 

The results of the current study could be 
explained by Attaran et al. ©® who stated that hepatic 
accumulation of iron oxide nanoparticles affects the 
liver function. Also, stem cells and fibroblast cells 
were affected with decreasing of mitochondrial activity 
which leads to the morphological changes. 

In the present study, Co-administration of 
VOO showed improvement in the hepatic 
histopathological damages. 

The results of the present study were in 
agreement with those of Al-Seeni et al. ° who 
recorded that liver tissue of olive oil treated group 
showed improvement of the degeneration effect of 
CCl, with minimal inflammatory infiltration, due to 
their higher content of antioxidant substance such as 
flavonoids and phenolic compounds. 

Conclusion: 
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Considering the results obtained from the 
present study it can be concluded that, both bare and 
PEG coated IONPs cause hepatotoxicity as revealed by 
the elevation of liver function parameters, induction of 
oxidative stress and the adverse histopathological 
changes in the liver tissues of rats. PEG coated IONPs 
were less toxic in comparison with bare IONPs. 
Treating the hepatotoxic rats with olive oil protected 
the liver structure against both IONPs toxicity. This 
hepatoprotective activity may be attributed to the 
biologically active compounds exist in olive oil which 
work to scavenge free radicals. 


RECOMMENDATION 

More investigations and assessments are needed to 
assure the lower toxicity of PEGylated IONPs in 
biomedical utilization. 

Since virgin olive oil has potent antioxidants effect and 
hepatoprotective activity, it could be advisable to 
enrich our diet with it. 
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